Introduction: U.S. military troops deploying to war zones are currently administered the Automated Neuropsychological Assessment Metrics (ANAM4) Traumatic Brain Injury (TBI) Battery to establish individual neurocognitive performance baselines. In part, the utility of the ANAM4 TBI Battery baseline measurement depends on test-retest reliability of this instrument. The purpose of this report was to evaluate performance following multiple administrations of the ANAM4 TBI Battery: does performance in a repeated measures paradigm constitute a stable, interpretable indication of baseline neurocognitive ability? Methods: The data presented here are from the ANAM4 TBI Battery administered four times to a group of U.S. Battery ( 1, 18, 24 ) ] is currently being administered to U.S. military troops, per law passed by Congress, prior to deployment, as a baseline measure of neurocognitive performance ( 2 ). Subtests in the ANAM4 TBI Battery were selected for their presumed sensitivity to cognitive defi cits commonly associated with head trauma [e.g., increased reaction time ( 17,24 )]. The sensitivity of the various ANAM4 subtests for detecting neurocognitive defi cits has been tested in a variety of military and nonmilitary contexts, including those involving sports-related concussion and exposure to radiation, high altitude, undersea conditions, and toxins ( 10, 14, 20 ) . The putative advantages of ANAM4 (compared to other neuropsychological assessment batteries) are that it is a standardized, computerized, self-guided test platform with multiple alternate forms -a design that makes it specifi cally suitable for repeated administration. Despite the known prevalence and well-understood implications of practice effects, research on the effects of multiple administrations of the same neuropsychological test, especially the ANAM4 TBI Battery, is sparse ( 16,23 ).
T HE AUTOMATED Neuropsychological Assessment
Metrics Traumatic Brain Injury Battery [ANAM4 TBI Battery ( 1, 18, 24 ) ] is currently being administered to U.S. military troops, per law passed by Congress, prior to deployment, as a baseline measure of neurocognitive performance ( 2 ) . Subtests in the ANAM4 TBI Battery were selected for their presumed sensitivity to cognitive defi cits commonly associated with head trauma [e.g., increased reaction time ( 17, 24 ) ]. The sensitivity of the various ANAM4 subtests for detecting neurocognitive defi cits has been tested in a variety of military and nonmilitary contexts, including those involving sports-related concussion and exposure to radiation, high altitude, undersea conditions, and toxins ( 10, 14, 20 ) . The putative advantages of ANAM4 (compared to other neuropsychological assessment batteries) are that it is a standardized, computerized, self-guided test platform with multiple alternate forms -a design that makes it specifi cally suitable for repeated administration. Despite the known prevalence and well-understood implications of practice effects, research on the effects of multiple administrations of the same neuropsychological test, especially the ANAM4 TBI Battery, is sparse ( 16, 23 ) .
Repeated assessment is commonly used to track the progression of disease or injuries ( 7 ) and baseline measurements can improve the sensitivity of such assessments. Performance improvement on repeated neurocognitive tests often occurs because individuals refi ne their strategies over repeated exposures to a test and, consequently, improve their performance ( 5, 21 ) . Practice effects vary as a function of number of administrations, time between administrations, and test complexity ( 6, 15, 21 ) . If practice effects are not taken into account, then results of subsequent assessments may be confounded and, thus, misinterpreted, e.g., as disease remission or interventionrelated improvement ( 6, 15, 22 ) .
With respect to the ANAM TBI Battery, there is one technical report published in which practice effects were assessed ( 8 ) . In that report it was concluded that practice effects did not persist beyond the third administration. However, neuropsychological assessments similar to the current ANAM4 TBI Battery have shown signifi cant practice effects after three administrations ( 9, 28 ) . ANAM batteries have a history of variance in form across users and can evolve over time. Thus, the Bendetto et al. ( 8 ) results may not generalize to the current ANAM4 TBI Battery version. The current ANAM4 TBI Battery is comprised of some subtests presumed to be more diffi cult than the one used by Bendetto et al. because they require visuospatial information recall without rehearsal ( 3, 4 ) .
The purpose of this study was to characterize and evaluate our use of repeated testing with the ANAM4 TBI Battery to mitigate practice effects and achieve a relatively stable level of performance for samples of military personnel. Our criterion for practice effect was signifi cant performance improvement between the fi rst and the last available timepoints. Our criterion for 'stable performance' was non-signifi cant change in performance between the last two available time points. Given that these subjects are operational military personnel tested outside of the laboratory environment, a key criterion in the design of the research protocols and the repeated testing was feasibility -there were a limited number of available time points for test administration. We included as many time points as were feasible. Data were drawn from two studies: in Study 1, the ANAM4 TBI Battery was administered four times; in Study 2, the ANAM4 TBI Battery was administered more frequently (eight times). We expected practice effects in our use of multiple sessions, given other reports of practice effects in repeated assessments with neurocognitive testing ( 6, 23 ) , especially computer-based neurocognitive testing ( 26 ) , including forms of ANAM subtests (not the TBI battery) ( 25 ) .
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METHODS
Study 1
Subjects
Subjects were 38 active duty male U.S. Marines (mean age 5 25, range 5 19 to 35) from a training facility in Marine Corps Base Quantico. Educational level was relatively homogenous across subjects. All subjects had completed high school education, with only 2 of the 38 subjects completing a higher degree.
Procedure
Subjects consented to participate in this study during an informed consent meeting. Per IRB guidance, the informed consent meetings were conducted individually. Subjects completed the ANAM4 TBI Battery in groups on individually assigned laptop PCs. Testing was in a classroom-like setting with 3 ' W 3 2 ' H cardboard dividers surrounding each workspace. Each subject was administered the battery four times (Sessions 1-4) across 4 d. Sessions 1 and 2 were back-to-back on the fi rst day (Saturday or Sunday) and Sessions 3 and 4 were on the following Monday and Tuesday, respectively. Subjects completed each administration of the battery at approximately 1600.
Instrument
The ANAM4 TBI Battery is a PC-based neuropsychological assessment consisting of two subjective subtests, Sleep Scale (SLP) and Mood Scale (MOO) (in order), followed by six performance subtests: Simple Reaction Time (SRT), Code Substitution (CDS), Procedural Reaction Time (PRO), Mathematical Processing (MTH), Matching To Sample (M2S), and Code Substitution Delayed (CDD) (in order) ( 11 ) . For performance subtests, stimuli are presented visually and responses are two-choice forced choice responses using left and right buttons on a computer mouse. These eight subtests are described in additional detail below.
Sleepiness scale: The SLP is a self-assessment of the subject's sleepiness/fatigue state. Seven different statements of alertness/sleepiness are presented to the subject ranging from, " Feeling very alert, wide awake, and energetic " to " Very sleepy and cannot stay awake much longer. "
Mood scale: The MOO is a self-assessment of the user's mood state in seven categories: Vigor (high energy level), Happiness (positive disposition), Depression (dysphoria), Anger (negative disposition), Fatigue (low energy level), Anxiety (anxiety level), and Restlessness (motor agitation). A series of adjectives, each contributing to one of the mood categories, is presented to the subject. Subjects are instructed to indicate on a scale of 0 to 6 the number that best represents their current state, with " 0 " as " Not at all " to " 6 " as " Very Much. "
Simple reaction time: The subject clicks the left mouse button (single-button response) when an asterisk stimulus is presented on the screen. This stimulus is presented at different intervals for 40 trials and reaction time for each trial is recorded. This subtest assesses reaction time. Note that the fi rst test (SRT) is administered twice in the ANAM4 TBI Battery, as the fi rst and as the last performance subtest. In the variant of the ANAM4 TBI Battery used here the second administration of the SRT (SR2) included an additional 60 trials -otherwise, the subtests in the battery reported here are identical to those in the ANAM4 TBI Battery. Given the additional trials in SR2, the results for SR2 are not reported here.
Code substitution: A static display of digits 1 through 9 appears in a row at the top of the screen with a unique symbol (e.g., d , √ , ↕ , ≡ , ae, ╣ , V , ¥, ◄ ) above each digit. A series of 72 probes appears at the bottom of the screen, each showing a pairing of a single digit and symbol in the same fashion as the static display at the top of the screen. The subject uses the left mouse button to indicate if the pairing in the probe matches a pairing in the static display above and the right mouse button if the pairing in the probe does not match a pairing in the static display above. Subjects are informed that the static display will be referenced in a later task, but the display will not be represented. This subtest assesses visual search, sustained attention, and encoding.
Procedural reaction time: A series of single digits (2, 3, 4, or 5) is presented in 32 trials. The subject uses the left mouse button to indicate the digit is " low " (2 or 3) or the right mouse button to indicate the digit is " high " (4 or 5). This subtest assesses reaction time and processing effi ciency associated with following a simple set of mapping rules.
Mathematical processing: A series of 3 single-digit operator arithmetic mathematical equations (e.g., " 3 1 4 -1 " ) is presented in 20 trials. The subject uses the left mouse button to indicate the answer is less than 5 or the right mouse button if the answer is greater than 5. This subtest assesses basic computational skills, concentration, and working memory. matches the previous stimulus. This subtest assesses spatial processing and visuo-spatial working memory.
Code substitution delayed: A series of 36 probes appears in the same fashion as the CDS subtest. The subject responds in the same fashion as in the CDS subtest using memory of the static display from the CDS subtest, presented approximately 10 min before and not represented.
In our initial administration of the ANAM4 TBI Battery there were practice trials administered as part of the battery at the beginning of each of the performance subtests with the objective of familiarizing the subject with the nature of the subtests. These practice trials were not used in subsequent administrations. ANAM was specifically designed to meet the needs of repeated-measures testing in assessment of neuropsychological functioning. " The system has a pseudo-randomization procedure that permits creation of multiple forms from item sets, thus allowing tests to be used for performance monitoring and in repeated-measures designs " ( 11 ) . Specifi cally, in multiple administrations of the ANAM4 TBI Battery the stimuli for the performance subtests are varied according to session number when possible. The asterisk stimulus in SRT and the digits 1-9 in CDS and CDD are not replaced or reordered and so are presented in the same fashion for all administrations of those subtests. These alternate forms of ANAM, generated by the pseudorandomized selection of comparable test items that are then presented in the same test paradigm, are widely reported as equivalent in published research ( 25, 30 ) .
Dependent Variables
Principal dependent variables for all performance subtests are reaction time and accuracy. In typical use of ANAM4, these two dependent variables are combined into a single outcome measure of " throughput " ( 27 ) . Throughput is derived from percent correct divided by mean reaction time and, conceptually, is a speed-accuracy product refl ecting performance across both dependent variables. For clarity, throughput is the variable presented for the performance subtests in this report. The subjective response subtests, SLP and MOO, do not have an accuracy component so those results are reported here as reaction time rather than throughput.
Data Exclusion Criteria
To rule out potential systematic confounds in our analysis of repeated administration of the ANAM4 TBI Battery in this sample, we applied medical and scheduling criteria to mitigate likely competing sources of variance. Although 38 Marines completed this study, 4 were excluded from this analysis based on medical conditions, specifi cally pre-existing medical conditions that would affect the brain (e.g., history of diagnosed TBI), yielding a sample size of 34.
Statistical Analyses
Session means for throughput were compared using one-way repeated measures ANOVA. Separate analyses were performed for each of the ANAM subtests. Session was treated as a repeated variable. Huynh-Feldt epsilon adjustments were applied to all F statistics to correct for potential covariation between the experimental conditions introduced by the repeated measures design. A planned comparison ( t -test) for performance improvement was conducted between the fi rst session and the last session (Sessions 1 v. 4) for each subtest. A planned comparison for stable performance was conducted between the last two sessions (Sessions 3 v. 4) . The planned t -test comparison for performance improvement was performed only when the F-test associated with a specifi c hypothesis yielded an effect signifi cant at P Յ 0.05. Bonferroni corrections were applied to the planned comparisons to maintain a family-wise a of 0.05. Analyses were performed with SAS and Matlab R2009b.
Study 2
Subjects
Subjects were 21 active-duty male New Zealand Defence Force soldiers (mean age 5 28, range 5 22 to 43) from a New Zealand training facility. Educational level was relatively homogenous across subjects. All subjects had completed the New Zealand equivalent of high school education and 3 of the 21 subjects had completed a higher degree. Two subjects did not report education level.
Procedure
Subjects attended an informed consent briefi ng and then, per IRB guidance, were given a 24-h period before granting consent to participate in the study. Subjects completed the ANAM4 TBI Battery in groups on assigned laptop PCs. Testing was in a classroom-like setting with 3 ' W 3 2 ' H cardboard dividers surrounding the workspace. Each subject was administered the ANAM4 TBI Battery eight times (Sessions 1-8) over the course of 5 d. Sessions 1-3 were back-to-back-to-back in the late morning on the fi rst day, Sessions 4-5 and Sessions 6-7 were morning and afternoon, respectively, on the next 2 d. Session 8 was morning of the following day. The Instrument (ANAM4 TBI Battery) and dependent variables (throughput and reaction time) were identical to Study 1.
Data Exclusion Criteria
For analyses, two subjects were excluded due to incomplete data and seven subjects were excluded according to Study 1 data exclusion criteria. Specifi cally, seven were excluded due to a difference in testing schedule from the primary group. This yielded a sample size of 12.
Statistical Analyses
Analysis approach was identical to Study 1, except that planned comparisons for performance improvement were between Sessions 1 and 8 and planned comparisons for stable performance were between Sessions 7 and 8.
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RESULTS
Performance improvement was seen across test administration sessions in both samples, but this improvement was not seen for all subtests in both samples. Performance across all time points is presented in Fig. 1 and t -test comparisons are presented in Tables I and II . Improvements across repeated administrations were most clearly seen in both samples for the SRT subtest. MTH also showed improvement in both samples, but the pattern of improvement was not as strong as in SRT. Improvement was seen in PRO for Study 1 and in M2S, CDS, and CDD for Study 2. No other performance improvement reached statistical signifi cance in our criterion. The criterion for stable performance at the end of repeated administration (i.e., non-signifi cant change in performance between the last two available time points) was met for SRT, PRO, M2S, MTH, and CDS in both samples, but for CDD only in Study 1. Interestingly, CDD showed continued improvement in performance between Session 7 and Session 8 in Study 2.
In Fig. 1 there is an apparent decline in performance between Sessions 1 and 2 for the CDS subtest. That decline is statistically signifi cant in both Study 1 and Study 2 [ t (33) 5 3.852, P 5 0.001 and t (11) 5 3.962 P 5 0.002, respectively]. This comparison was not part of the planned comparisons, but was remarkable given that it seemed parallel in both samples.
In general, performance improvement was not associated with variance from age or education. Among the 24 correlations available for the 6 subtests, 2 planned comparisons, and the 2 studies, only 3 reached statistical signifi cance (Fisher's r to Z). In Study 1, age was correlated with performance stability in SRT and MTH (r 5 2 0.376, P 5 0.028 and r 5 0.373, P 5 0.029, respectively). In Study 2, education was correlated with performance stability in PRO (r 5 2 0.664, P 5 0.016). Given that these correlations were infrequent and were inconsistent in direction, they were not considered meaningful for this report.
The subjective subtest MOO showed faster reaction times between the fi rst session and last session for all subscales and in both samples ( P -values for all t -statistics less than 0.01). SLP showed the same pattern for Study 1, but in Study 2 there was no change in reaction time between the fi rst and last sessions. These decreases in reaction time for MOO and SLP occurred almost entirely between Sessions 1 and 2. The one exception was that the MOO Anger subscale showed a decrease in reaction time between Session 3 and Session 4 in Study 1 [ t (33) 5 2.489, P 5 0.026]. Otherwise, stable performance between the last two available time points was observed.
DISCUSSION
The purpose of this study was to characterize and evaluate our use of repeated testing with the ANAM4 TBI Battery to mitigate practice effects and achieve a relatively stable level of performance. Our targeted criterion allowed for an overall improvement across all time points in ANAM performance subtests, but requires no change (or non-signifi cant improvement) between last two sessions. Our use of the ANAM4 TBI Battery in these two military samples met this objective, with one potential exception, CDD for Study 2. We regard this as a " potential " exception because the fi nal performance (Session 8) on this subtest in that sample may have been at asymptote. The evidence for performance level on this subtest being at asymptote is from mean comparison to the asymptotic performance in the corresponding Study 1 subtest (see Fig. 1 ) ; however, asymptotic performance in Study 2 was not supported using our stated criterion.
The subjective subtests, SLP and MOO, are refl ections of state rather than performance and, thus, would not be expected to exhibit practice effects with repeated measures. We examined reaction time here because familiarity and accommodation to the computer-based format should be expected to refl ect in increased speed of responding. That increased speed of responding would consequently account for a degree of improvement on the performance subtests as well. Our expectation was supported in the results here. We did not expect this practice effect to be observed in the fi nal two sessions of these subjective subscales, but that did occur for the MOO Anger subscale in Study 1. However, that increase in speed of response was the only such result in the set of 16 planned comparisons.
The practice effects reported here have implications for researchers and practitioners interpreting pre-and post-test results in the evaluation of neuropsychological change. The confi rmation of practice effects in ANAM4 is an important substantiation for the study design used in an ongoing program of research on bio-effects from repeated exposure to low-level blast ( 12 ) . This report was not an effort to yield careful scaling of the magnitude of practice effects. Guidance on the extent practice effects relate to interpretability of test battery results would be more appropriate for a study specifi cally designed for that purpose.
In other observations from these results, there are suggestions of systematic infl uence on performance beyond that of the repeated administration. Specifi cally, there are suggestions in the data of day-to-day variance and within day variance as well as an interference effect in back-to-back administration of CDS. Day-to-day and within day effects might be exhibited in SRT for Study 2. In Study 2, Sessions 1-3 were administered back-to-backto-back and Session 4 was administered on a following day. Massing Sessions 1-3 followed by an overnight intersession interval before Session 4 may account for the mean increase in SRT throughput for Sessions 1-3 and drop-off for Session 4. The effect of session massing also may be evidenced in the change between SRT Sessions 5 and 6 and, for the MTH and CDD subtests, in the transition between Sessions 3 and 4 and between Sessions 5 and 6. This day-to-day variance may not always result in performance decrease (e.g., throughput increase between Sessions 3 and 4 in CDD for Study 2). Within day effects (i.e., morning vs. afternoon) might be exhibited in the throughput pattern seen between Sessions 4 and 5 and between Sessions 6 and 7 of SRT for Study 2, although this pattern was not refl ected elsewhere in these data.
The effect of proactive interference following repeated administration using similar stimuli may account for the pattern of results seen in the CDS subtest ( Fig. 1 ) ( 13, 29 ) . Both Study 1 and Study 2 show a marked decline in throughput between Session 1 and Session 2, which were administered back-to-back. This phenomenon, a performance decrease despite immediately preceding practice, may be explained by proactive interference resulting from the pairing of digits 1-9 to a set of symbols in Session 1 and a different, but similar set of symbols in Session 2. Interestingly, this interference seems to be present predominantly between Sessions 1 and 2, and not between other sessions when administered within the same day (e.g., Sessions 4 and 5 in Study 2) or even when administered back-to-back (e.g., Sessions 2 and 3 in Study 2). Furthermore, this interference effect does not seem to occur in CDD, which uses the same stimuli as CDS. This may be the result of differentiation aspects of perceptual learning (for a review see 19 ) . Jointly, proactive interference and perceptual learning should be taken into account when this subtest ANAM4 ASSESSMENT -EONTA ET AL.
is administered in a repeated fashion, including when this subtest is administered a second time following a subject's initial performance that falls below the ANAM4 standard criterion of 56% accuracy ( 11 ) . When a subject is taking CDS a second time following below criterion performance, it may be that limited encoding of the stimuli pairings in the initial test occurred and, consequently, there is no interference in the second test. However, that is an assumption and does not preclude some level of caution when administering CDS a second time with the same stimuli in an alternate form. This potential for interference is mitigated if the second administration is reset to use the same stimuli in the same form as used in the initial session. In conclusion, a stable level of performance was achieved in these repeated administrations of the ANAM4 TBI Battery, yielding a performance baseline that would be useful in subsequent evaluation for change effects. The performance improvement observed prior to that stable level of performance suggests that use of the ANAM4 TBI Battery with a single repeated administration may yield an underestimate or an inaccurate estimate of change effects. This suggested caution is notable in that the practice effect reported here in component subtests of the ANAM4 TBI Battery was based on two separate studies with varying test administration paradigms. A quantitative model of the performance improvement effects, however, is outside the scope of this report and warrants studies designed for that purpose.
